SUMMARY Forty-five diabetic patients were randomly assigned to treatment with continuous subcutaneous insulin infusion (CSII), multiple injections (MI), and conventional insulin treatment (CIT). They were prospectively followed up for one year. A computerised scanning microdensitometer was applied on fundus photographs of retinal vessels, and we studied changes in calibres of the blood column (W0) and in width (Wr/W0) and intensity (Ir) of the central 'light reflex'. After six months of improved metabolic control the Ir was reduced in both MI and CSII cases compared with CIT cases (p<001), indicating haemorrheological changes in the retinas. Within these six months cotton-wool spots appeared in half the patients (n= 15) on CSII and MI, but not in CIT patients. Subjects who developed cotton-wool spots, compared with those who did not, had greater intensities of reflection and larger calibres of vessels at the start of the study (p<001). On intensifying the treatment they were characterised by a larger fall in hemoglobin A1 (p<0.01) and by a larger decrease in Ir on arteries (p<005) and veins (p<0.01). The behaviour of the retinal circulation is different in patients developing transient ischaemic lesions on intensified insulin treatment from its behaviour in those who do not.
A worsening of diabetic retinopathy has been observed when intensified treatment by continuous subcutaneous insulin infusion is initiated.'-5 The transient appearance of cotton-wool spots (soft exudates), considered to represent signs of ischaemia, was a prominent feature of these changes. The pathogenetic cause is not known, but a haemodynamic model of explanation has been suggested by various authors: a rapid change toward normo-or hypoglycaemia might reduce the blood flow to insufficient levels of perfusion.'1-t Adjustments of calibre of arteries and veins are part of the autoregulatory mechanisms responsible for a constant blood flow to the retina.89 Increased blood flow""' and vasodilatation'2 have been found in acute hyperglycaemia, and increased flow'-'6 and vasodilatation '6-2" 
METHODS
Densitometry across vessels in fundus photographs has been found to be an objective and sensitive method of measuring calibre.2627 Our photographic22 and computerized microdensitometric2' techniques have recently been described elsewhere. A short summary is presented here. A 300 'standard' fundus photograph of the primary eye was produced by centring the photograph at onehalf the distance between the fovea and the temporal edge of the optic disc. An interference filter with a maximum transmission peak at 535 ttm was inserted in the light path of the Zeiss camera, and a 35 mm Kodak Plus-X panchromatic type 5062 film was used. A 48-step density wedge was photographed and developed together with each film. A true calibration for transformation from film density into a linear intensity scale was obtained. The measured widths presented in this paper are expressed as micrometers (jtm) on the retina.
In each photograph three arteries and three veins were analysed. We selected vessels having a straight course in the retina and chose the largest and two middle-sized vessels. Using a Nikon profile projector and anatomical landmarks in the pictures, we selected specific sites on the vessels and marked them directly on the negatives. Since we studied both the calibre and the light reflex, we did not use the We used a computer controlled microphotometer (a 288 K memory HP-21MX computer and a Heidenhain optical encoder) for scanning across the vessels and for data processing. The positional accuracy of the instrument was better than 1 [tm. The scan contained 512 or 1024 data points, the scanning aperture was 5 [tm wide (in the scanning direction), and the height mostly used was 250 [tm. The microphotometry data were read from the magnetic tapes, converted from film transmission to relative intensity, and viewed with a display unit.
A typical scan profile is shown in Fig. 1 . By means of a cross-hair cursor the background intensity levels were chosen on either side of the vessel and the other parameters were then derived by the computer. The depth of the vessel absorption relative to the average retinal background (Io) was measured. The width of the vessel, W0 (=the red blood cell column), was determined at the full width of the vessel absorption at half minimum intensity of Io. The width of the light reflex (Wr) is measured at half maximum intensity of the peak intensity of the reflex, Ir. The ratio of the widths, Wr/W0, is used in this study, and the Ir is expressed as relative values. The fundus photography was not synchronised to pulse characteristics, but the randomly exposed pictures should not blood glucose values were found in the MI and the CSII groups (p<001), but not in the CIT group. The difference in improved control between intensified regimens and conventional treatment was sustained from 3 to 12 months treatment. At three months patients developing cotton-wool spots had a greater decrease in haemoglobin Al (-3-3±0-5 and -1-3±0*5) and mean blood glucose (-3-6±0-5 and -1*6±0-6) than those on MI and CSII treatment who did not (p<001).
CALIBRE OF VESSELS (Wo)
In the 45 subjects at the start of the preperiod a positive correlation between calibre of veins and the age of the patients (T=0-32; p<005) and a negative correlation between calibre of veins and the diastolic >0-20. tDetermined at the instant of calibre measurements.
-: not significant.
(T=-0-26; p<0-05) and the systolic (T=-0-21; p<0-05) blood pressure were found ( Table 2 ).
The distribution of calibre measurements in the three treatment groups at the start of the study is shown in Table 3 . Comparable mean values and ranges of W0 between groups were found. No changes in retinal arteries and veins were found in the treatment groups during the course of the study (Table 3) .
In patients on MI and CSII those with cotton-wool spots were characterised by having greater initial calibre of retinal arteries (p<0.01) and veins (p<O-001) than patients without cotton-wool spots (Fig. 3) . Among subjects having an average vein diameter W140 [tm eight of 10 (80%) developed cotton-wool spots, compared with seven out of 18 (39%) in subjects with diameter of <140 ,um. Although a significant long-term improvement in metabolic control was obtained, especially in patients with cotton-wool spots, no changes in either arteries or veins were observed during 12 months of treatment (Fig. 3 ).
LIGHT REFLEX (Wr/Wo AND Ir)
No differences and no changes in the width of the reflex (WrIWo) were found between the groups, in patients with and without cotton-wool spots or throughout the course of the study (Table 4) . From randomisation to the end of six months' treatment a decrease in I, in the intensified regimens (MI and CSII) occurred in both arteries and veins (p<OOl).
At the start of the study I in both arteries (p<OO1) and veins (p<OO1) was more intense in subjects on MI/CSII developing cotton-wool spots than in those who did not (Fig. 4) . Furthermore, subjects with cotton-wool spots were characterized by a greater increase in intensity during the preperiod in arteries (p<005) and during the preperiod and after three months of intensified treatment in veins (p<O0O5). A significant decrease in I was seen from three to six months in both arteries (p<0.05) and veins (p<0.01) in patients with cotton-wool spots.
Discussion
Increased retinal blood flow and vasodilatation may be important in the progression of diabetic retinopathy.2;34 A reversal of venous dilatation has been reported with improvement of metabolic control. 35 We found, however, that the calibre of arteries and veins was unaffected by intensified insulin treatment, by significant lowering of blood glucose levels, and by slow progression (CIT) and transient (CSII) worsening in retinopathy. In agreement with our findings, Hickam and Frayser found no diameter changes in retinal vessels during glucose infusion in normal This study thus indicates that middle-sized and large vessels are unresponsive to long-term changes in blood glucose levels per se, at least at this particular level of retinopathy. This interpretation, however, is complicated by the fact that retinal vessels in diabetic retinopathy have a reduced reactivity to substances known to be vasoactive.273738
Furthermore, although correlations have been found between flow and calibre changes,3"' some autoregulatory response may still have taken place. The small arterioles, which were not measured here, could have changed in diameter and affected the blood velocity.
Patients with the greatest diameters of retinal vessels seemed at risk of developing cotton-wool spots during intensified insulin treatment. We may speculate if diabetics with anatomically large arteries and veins are less capable of adapting to sudden metabolic and/or haemodynamic changes in the retina. Alternatively, patients developing cottonwool spots suffered the greatest degree of prestudy 'chronic' vasodilatation; the stretching of the walls would impair the ability of the vessels to adapt their size according to needs.
LIGHT REFLEX OF THE VESSELS
A previous study has shown that our 45 diabetics, compared with a non-diabetic group, had narrower widths of the reflex (Wr/Wo) in the veins.23 In the present study return to nearly normal of the blood glucose did not 'normalise' the width. Favouring the intravascular blood column as the main reflecting surface producing the reflex, a recent theoretical study has shown that velocity/flow changes may influence the ratio Wr/Wo.42 Although this parameter is a rather coarse measure, it indicates that no significant haemodynamic changes occurred during the course of the study.
Physically, light reflection will occur only across surfaces of different refractive indices. Small changes in existing differences in indices between the streaming erythrocytes and the plasma of the retinal circulation may influence the intensity of the vascular reflex (Ir). 43 In comparison with normal controls, 1r was found to be significantly reduced in both arteries and veins in the 45 participants at the start of the study.23 This could be explained by disturbances in the water shift from plasma to the erythrocytes"45 and in the composition of plasma proteins and plasma viscosity457 which are found in diabetes. Increased mean corpuscular volume (MCV), elevated levels of plasma proteins, and probably a reduced intravascular pressure would all lower the Ir,23
Although the diameters of the streaming blood columns did not change, the intensity of the reflected light from these columns varied throughout the study. This indicates different intravascular effects of a rapid initial improved metabolic control (2-3 months) compared with a long-term (6-12 months) improved control. The association between changes in the intensity of the light reflex and changes in 
